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ABSTRACT 


This  report  presents  results  on  two  research  programs,  one  on 
inorganic  synthesis  and  one  on  structural  study  by  means  of  broad-line 
NMR,  which  were  pursued  simultaneously  during  the  year  ending 
August  31,  1968.  The  first  had  to  do  with  the  synthesis  of  compounds 
of  the  transition  metals  containing  organosilicon  groups.  Organosilyl 
amines  were  used  as  electron-donor  ligands  to  form  six  new  stable  coordi¬ 
nation  compounds  of  iron  and  cobalt.  All  previous  attempts  (extending 
over  the  past  7  years)  to  do  this  had  failed;  the  present  success  stems  from 
a  thorough  study  of  the  equilibrium  considerations  and  the  choice  of  a 
polar  solvent  for  the  reactions  The  chemical  behavior  of  the  six  new 
compounds  is  now  being  examined  by  Chang  Kim,  a  graduate  student  in 
the  Program. 

The  second  project  concerned  the  structures  and  behavior  of  five 
new  compounds  prepared  last  year,  all  with  C  -N-Si  linkages  (plus  one 
additional  compound  with  C=N-C  linkage,  for  comparison).  Earlier  examin¬ 
ation  of  the  UV  absorption  spectra  of  these  compounds  had  shown  that  there 
is  little  dll’  -  p^  interaction  between  the  nitrogen  and  silicon,  because  the 
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C=N-Si  sequence  is  not  linear  but  bent  at  an  angle  of  120°.  It  was 
expected  that  such  an  inflection  also  would  hinder  intramolecular  motion, 
and  that  some  distinctions  between  the  several  compounds  would  appear 
in  their  proton  magnetic  resonances  as  solids.  The  spectra  were  ob* 
tained,  and  calculation  of  line  widths  and  second  moments  showed  that 
intramolecular  motion  in  all  five  organosilicon  compounds  was  indeed 
hindered  more  than  in  the  organic  compound,  and  that  one  of  the  five 
(the  only  one  which  had  an  Si-N-C=N-Si  structure)  had  a  much  more  per¬ 
sistent  restriction  of  motion  with  rise  of  temperature  than  the  others. 
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I.  SYNTHESES  OF  IRON  AND  COBALT  COMPLEXES  WITH 
LIGANDS  CONTAINING  SILICON-NITRCGEN  BONDS 


1  2  S 

S«v«ral  atttapts  hav*  bean  to  tynthosizo  polyaoric  and  ■onoatrie  ' 

coordination  compounds  of  Mtal  halidas  with  aainas,  aubatitutod  by  a  diffar* 
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ant  nuabar  of  trialkylailyl  groupa.  Iha  raport  of  Vaiaa  diacuaaaa  raaaona 
for  tha  littla  intaraat  in  aarliar  daya,  axpactad  difficultiaa  during  tha 
aynthaaia^aa  wall  aa  aoaa  axpactationa  about  propartiaa  of  tha  ail  icon* 
nitrogan  bond  coordinatad  to  tranaition  natal  halidaa. 

Naiaa  aada  attanpta  with  anhydroua  CuCl2»  CoCl2»  NiCl2»  CrClj,  AlClj, 
and  IhCl^  in  banzana,  light  patrolaini*  tatrahydrofuran,  dioxana  and  acatonitrila, 
of  which  ha  raportad  banzana  and  light  patrolaan  aa  tha  aoat  auitabla  aolvanta. 

C.  Kin^  haa  uaad  aainly  banzanajand  hia  favorita  natal  halida  waa  anhydroua 
CuCl2t  which  ha  raactad  with  diffarant  ligand^  pnrtly  aynthaaizad  for  tha 
firat  tina.  Analyaaa  provad  that  tha  conpounda  containad  unraactad  CuCl2» 
which  waa  probably  covarad  by  the  coordination  conpound.  Tha  praaanca  of  tha 
latter  waa  inferred  fron  tha  change  of  color,  tha  analytical  dataminationai 
and  fron  IR-apactra. 

Confronted  with  thaaa  problana,  a  nathod  for  tha  iaolation  of  pure 
conpounda  waa  aought.  It  waa  propoaad  to  coq>lata  tha  reaction  between  tha 
tranaition  natal  halidaa  and  tha  diffarant  Uganda  by:  (1)  tha  uaa  of  a 
nora  reactive  natal  halida,  obtained  for  axanpla,  by  powdering  tha  anhydrosta 
aalta  with  an  Ultrathorax  in  an  inert  aolvant,  (2)  tha  uaa  of  a  nora  polar 
aolvant  to  achieve  nora  honoganaoua  conditiona.  The  nunbar  of  poaaibla 
aolvanta  is>  United  by:  a)  tha  aanaitivity  of  tha  a ilicon -nitrogan  bond 
to  tha  attack  by  protona;  b)  tha  poaaibla  fomation  of  coordination  conpounda 
between  aolvant  and  natal  halidaa.  Hia  firat  raaaon  axcludaa,  for  example. 
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alcohols,  tdiich  woro  succossftilly  usod  durinf  tho  synthosis  of  transition- 
Mtal  coaplaxas  of  tatra-alkyl-substitutad  athylanadiaainas^ .  Hit  second 
prohibits  att«q>ts  with  nitrilos  or  dioxana,  of  which  transition-Mtal 
coordination  compound*  are  wall  known. 

Iharafora,  an  athar  such  as  tatrahydroftiran  sa«Md  to  aa  to  ba  tha 
bast  choice.  Tatrahydrofuran  fans  solvates  with  different  transition-Mtal 
halides  also,  but  it  is  known  as  a  relatively  weak  ligand,  which  can  ba  re¬ 
placed  by  stronger  ligands.  This  was  achieved  during  the  synthesis  of  a 
coordination  coapound  between  iron(II)  chloride  and  an  aryl-alkyl-substivuted 
ethyl enediaaine . ^ 

Ihe  syntheses,  described  below,  were  based  on  the  following  assuq)tions; 
In  the  first  reaction  step  the  transition  Mtal  halide  is  partly  dissolved 
in  tatrahydrofuran  and  an  equilibriua  between  solid  and  dissolved  aetal 
halide  (solvated  or  unsolvated)  is  established: 


(I)  MX,  ♦  THFf: 

Solid 


:±  NX,(x  nlW) 


dissolved 


In  the  second  step  the  dissolved  natal  halide  reacts  with  the  added  ligand, 
provided  that  this  is  a  stronger  ligand  than  tatrahydrofuran: 


(II)  MX2(x  ♦  LC4===±  MXj  X  LG  (♦  n  IMF) 

The  foned  coordination  coapound  should  be  Mre  soluble  than  the  pure  Mtal 
halide  or  the  Mtal  halide  tetrahydrofuranate,  because  the  organic  portion 
of  the  nolecule  is  larger.  Hie  coordination  co^iound  itself  exists  probably 
in  equilibriia  with  the  aetal  halide  and  ligand  (lower  arrow  of  eq.  II); 
while  the  equilibriua  constant  is  unknown,  the  solubility  of  pure  HX2  will 
be  depressed,  when  all  of  the  ligand  is  consuned.  Provided  that  these 
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assuBptions  art  corract,  raaction  of  an  tacais  of  ttai  halida  (Mathod  A) 
with  bidantata  lifands  should  giva  a  solution  of  pxebably  tha  1:1  coordina¬ 
tion  coapounds,  froa  which  tha  axcass  of  inaolubla  natal  halida  is  saparatad 
by  filtration.  Tha  coordination  coapounds  can  ba  isolatad  by  avaporatioa  of 
tha  solvant  and  drying  of  tha  rasidua  with  an  oil-pusp,  to  ranova  tha  last 
tracts  of  adharant  solvant.  An  anount  of  solvant*  insufficiant  for  dis¬ 
solving  all  of  tha  natal  halida  in  tha  baginning  of  tha  raaction*  aaat  ba 
usad.  In  cast  of  lass  solubla  coordination  coqwunds*  for  axanpla  conplax 
polyaars*  an  axcass  of  litand  (Mathod  B)  should  ba  usad*  tha  tatrahydrofuran 
filtrata  discardad  and  tha  filtar  rasidua  analyzad. 

Hit  anhydrous  chloridas  of  iron*  cobalt  and  nickal  wars  traatad  in  tha 
way  just  proposad  with  tha  following  ligands*  which  wars  synthasizad  and 
kindly  placad  at  ay  disposal  by  C.  Kia: 

(LI )  Bis -N * N ' • triaathy Is ilyl -athylanadiaaina 

H  H 

\  / 

^N-CHj-CHj  (raactad  with  Fa*  Co*  Ni) 

(CHj)jS/  Si(CHj)j 


(L2)  Bis-N*N'-triaathylsilyl-bis-N*N'-Bathyl-athylanadianina 


(CHjjjSi 


“5 

CHj  CHj  (raactad  with  Fa*  Co) 

Si(CH3)3 


(L3)  N*N*N'  -triaathyl-N*  -triaathylsilyl-athylanadiaaina 


N-CH-— CH.— N 

/  ^  \ 

CH, 


(raactad  with  Fa*  Co) 
Si(CH3)3 
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Cnwl  proc»4ttr«; 

Aaky^rotts  cobalt  and  nickel  chloride  were  obtained  by  treataent  of 
the  hydrates  of  these  salts  with  thionyl  chloride.  Iron-dichloride  was 
a  ooaMrcial  product  (Alfa-Inor|aaic).  Tetrahydrofuran  was  purified  by 
refluxing  with  potassiiss  hydroxide  pellets*  then  over  sodiia  wire,  and  dis¬ 
tillation;  the  distilled  solvent  was  stored  over  sodiiai  wire. 

About  0.01  nolo  of  the  anhydrous  aetal  halide  was  suspended  in  about 
100  al  of  carefully  dried  tetrahydrofuran  in  an  ataosphere  of  argon  in  a 
three-necked  flask,  equipped  with  gas-inlet  tiAe,  a  dropping  funnel  and  a 
aagnetic  stirring  bar.  About  0.009  aole  of  the  ligand  was  dissolved  in 
about  SO  al  of  tetrahydrofuran  and  added.  Hie  aixture  was  stirred  for  at 
least  41  hours  at  rooa  tesiperature,  filtered  and  the  solvent  evaporated. 

Hie  residue  was  dried  for  several  hours  at  reduced  pressure  (oil-puq>), 

powdered  with  a  aagnetic  stirring  bar  and  analyzed. 

hesults; 

Nickel  (I I) chloride  was  treated  with  ligand  I  in  a  preliainary  atteapt. 

A  rod  solution  was  fomed,  froa  idiich  a  saall  aaount  of  inhoaogeneous 
aaterial  (partly  oily)  was  isolated  after  filtration  and  evaporation  of  the 
solvent.  Hie  residue  of  "nickel(II)chloride*'  on  the  filterplate  had  changed 
its  color  froa  yellow  to  red-brown.  It  aight  be  worthidiile  to  try  aethod  B 
(as  aentioned  above)  to  prepare  this  apparently  less  soluble  coaplex  in  a 
pure  state.  Ve  had  to  discard  the  residue,  because  an  excess  of  aetal  halide 
was  used. 

Six  coapounds  were  isolated  froa  the  dark  brown  or  dark  blue  reaction 
aixtures,  respectively,  of  iron (I I) chloride  and  cobalt(II)chloride  with 
the  ligands  L1-L3.  Hie  analyses  show  that  in  all  six  cases  these  are  1:1 
coordination  coapounds.  Hie  purity  of  three  coapounds  is  in  good  agreeaent 
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with  th«  calculated  nwlytical  values  (PeCl2  x  LI;  PeCl2  x  L2;  C0CI2  x  L2). 
The  preparatioa  of  the  other  ones  should  be  repeated  with  freshly  distilled 
ligands  and  tetrahydrofuran.  All  iron  conpouads  are  brown*  all  cobalt  coa- 
plexes  blue  or  violet  (C0CI2  x  L3)  powders. 

PeCl2  X  CgH24N2Si2  (LI) 

calcd.  Pe  16.16  Cl  21,41  C  29,00  H  7,30  Si  16,96  N  S,46 

found  17,06  21,11 

PeCl2  X  C^oH2,W2Si2  (L2) 

calcd.  Pe  15, SS  Cl  19,74  C  33,43  H  7,86  Si  IS, 64  N  7,80 

found  15,27  19,83 

PeCl2  X  C3H22N2Si  (L3) 

calcd.  Pe  18,55  Cl  23,55  C  31,91  H  7,36  Si  9,33  N  9,30 

found  19,38  22,31 

C0CI2  X  CgH24N2Si  (LI) 

calcd.  Co  17,63  Cl  21,21  C  28,74  H  7,24  Si  16,80  N  8,28 
found  16,41**  22,64 

C0CI2  X  CjQM2jN2Si2  (L2) 

calcd.  Co  16,26  Cl  19,57  C  33,14  H  7,79  Si  15,50  N  7,73 

found  16,13**  19,89 

C0CI2  X  CgH22N2Si  (L3) 

calcd.  Co  19,37  Cl  23,31  C  31,59  H  7,29  Si  9,23  N  9,21 

found  21,46 

2 

*Isolation  of  this  conpound  was  earlier  reported  by  Weiss  ,  but  no  analytical 
data  were  reported. 

**Analysis  of  cobalt  perfomed  by  C.  Kin. 
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Tht  work  should  bo  contlouod  by  varyiii  aotsls  and  llluds.  Airthor 
tho  physical  aad  ehaaical  propartias  of  tha  coapounds  will  ba  lavastlgatad. 
It  will  b^  latarastlag  also  to  coapara  tha  rasults  with  those  of  slallar 
eoordlaatloB  coapouads.  In  which  silicon  has  boon  raplacad  by  carbon. 
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INTERNAL  MOTIONS  OF  N-ORGANOSILYL  KETIMINES 
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A  short  tlM  ago  tho  synthssss  of  s  Isrgs  nusbsr  of  N*orfsiiosllyl 
kttiainos  were  reported^.  Iliese  ketiaines  contained  various  substituents 
in  the  N-organosilyl  and  ketone  parts  of  the  nolecules,  respectively.  The 
influence  of  these  groups  on  the  n-nt*  and  v-ht*  absorptions  in  the  UV  spectra 
of  the  coapounds  was  studied,  and  then  discussed  with  view  to  a  possible 
d«  -  £«  interaction  of  the  C>N-Si  syst«.  It  was  concluded  froa  the  inter* 
pretation  of  absorption  shifts  and  intensities  that  the  aost  probable  arrange 
aent  for  the  coapounds  includes  a  C^N-Si  fraaework  with  an  angle  of  less 
than  180*  at  the  nitrogen  atoa,  presuaably  120*.  In  this  case,  the  dv£v 
interaction  should  be  a  nininiai. 

The  present  work  was  done  to  study  the  internal  notions  of  sone  of 

these  new  coapounds  by  broad- line*l#fR*spectroscopy,  and  to  seek  relations 

between  structure  and  internal  nobility.  Ihe  nethod  has  been  used  for  a 

long  tine  in  this  laboratory  for  studies  of  different  coapounds,  aost  of 

then  containing  silicon.  Details  of  the  spectroneter  and  the  nethod  are 

2 

described  in  earlier  publications. 

Oibenzophenone-iaino  diaethylsilane  (I),  tribenzophenone-iaino  nethyl- 
silane  (II),  dibeazophenone-inino  diphenylsilane  (III)  and  tribenzophenone- 
iaino  phenylsilane  (IV)  were  selected  as  suitable  silicon  coq>ounds.  For 
purposes  of  conparison  the  siailar  N-triphenylnethyl-benzophenone-ialne  (V) 
and  also  the  quite  different  coapound  N-triaethylsilyl-N*  ,N'-bis-trinethyl- 
silyl-benzaaidine  (VI)  were  investigated.  Table  I  shows  the  fozaulaa  and 
constitution  of  these  co^wunds.  (I  an  grateftil  to  Lui-Heung  Chan,  who  aade 
all  the  substances  during  her  graduate  work  at  Harvard.) 
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Polyeryttallin*  sa^>lM  of  I-VI  woro  soolo4  off  in  an  ataosphoro  of 
argon  in  viala  with  a  diaaator  of  11  aa.  Ihoso  woro  aoaaurod  with  tho 
abovo-aontionod  broad-lino  MA-apoctmaotor  of  tho  Nallinckrodt  Laboratorioi 
at  rooa  toaporaturo.  Surpriaingly,  aoatly  distortod  linoi  woro  obsorvod. 
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1%«  lin«  sh^>«s  could  bo  iaprovod  to  som  oxtont  by  a  suitoblo  choico  of 
tho  aodulotion,  tiM-constants  and  swoop  tiao,  but  thoy  roaainod  uasatis* 
factory  for  a  roliablo  quantitatlvo  ovaluation.  A  coaaorical  Varian  broad- 
lino  hMR-instruiont  bocaao  availablo  through  tho  aodiation  of  Nr.  R.  Volpicalli 
(Harvard  Uni  varsity)  and  Dr.  T.  Haas  (Tufts  Univorsity).  (I  want  ospacially 
to  thank  than  for  thoir  holp  and  assistance  at  tho  boginning  of  ny  work.) 

Iho  Varian  instxunont  provod  noro  satisfactory;  it  wortod  with  a  fixod  fro- 
quoncy  and  a  variablo  strongth  of  tho  aagnotic  fiold.  It  offorod  tho 
possibility  of  noving  and  adjusting  tho  sanplo  probo  horizontally  and  vor- 
tically,  porpondicular  to  tho  aagnotic  fiold.  Bosidos  this»  tho  swoop  tiaaf  * 
aodulation  o^>litudos,  tiao  constants,  swoop  fiold  and  rf-powor  could  bo 
changod  in  a  wido  rango,  too.  Uni  spoctra  showod  tho  first  dorivativo  of 
tho  absorption  curvo,  and  woro  rocordod  on  a  15  x  10-inch  graph-papor,  which 
was  calibrated  in  Gauss.  Tho  dotoraination  of  tho  lino  width  bocaao  quit# 
oasy,  and  by  counting  tho  spaces  under  tho  curves,  a  nusorical  integration 
produced  tho  second  aoaonts  quite  accurately. 

During  all  investigations,  tho  tiao  constant  was  United  to  at  aost 
one  tenth  of  tho  swoop  tiao  fron  peak  to  peak.  Tho  aodulation  a^ilitudo 
always  was  sot  so  that  it  did  not  exceed  50%  of  tho  lino  width.  Before  and 
after  all  noasaroaonts  a  spoctrua  of  tho  probo  without  a  saaplo  was  taken 
as  a  precaution  against  errors  caused  by  contanination  of  tho  probo  by  other 
users  of  tho  instruaont.  To  arrange  for  lower  or  higher  toaporaturos ,  dry 
nitrogen  was  blown  through  a  aotal  coil  iaaorsod  in  liquid  nitrogen,  and 
then  was  heated  to  tho  desired  toaporaturo  by  a  heating  wire  which  was 
connoctod  with  a  sensor  unit.  The  saaplos  woro  allowed  to  stay  at  least 
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tMtiity  ainut**  ia  tka  gu  flow  boforo  tht  first  tptctzui  was  takon.  Iko 
tomporaturts*  diosaa  with  tha  sansor  unit*  wara  controllad  additionally 
by  a  coppar-constantaa  tharaocoupla  which  was  put  basida  tha  saaplas  in 
tha  nitrogan  strain. 

Rasul ts 

First  aaasuraaants  wara  carriad  out  at  rooa  taaparatura,  using  tha 
sbova-aantiMiad  aapoulas  with  a  diaaatar  of  11  as  and  containing  tha 
polyerystallina  aatarials.  Tabla  II  shows  tha  rasults  far  tha  diffarant 
eoapounds.  Synaatrically  shapad  signals  with  an  axcallant  signal -to*noisa 
ratio  wara  racordad  aftar  earaful  adjustaant  of  tha  proba  in  tha  assnatic 
fiald*  and  aftar  propar  choica  of  tha  othar  parsnatars.  Tha  spactral  lina- 
width  for  all  tha  eoapounds  was  saallar  than  200  uG*  so  tha  aarliar  diffi* 
cultias  with  tha  Mallinekrodt  instruaant  tharafora  baciaa  axplainabla. 
Attwptad  aaasuraaants  at  lowar  taapaxaturas  raquirad  vials  with  a  diaaatar 
of  9  an*  bacausa  of  tha  shapa  of  tha  coaaarSial  Dawar  vassal.  Using  tha 
saaa  sort  of  polyerystallina  aatarial  as  bafora*  tha  filling  factor  tharafora 
bacaaa  raducad  by  about  40%.  Iha  signal 'to^noisa  ratio  bacaaa  corraspond- 
ingly  worsa.  Lowaring  tha  taaparatura  to  about  -30*C  rasultad  in  saturation 
of  facts  and  inaxplicabla  disappaaranca  of  tha  signals*  although  tha  rf- 
powar  was  dacraasad  considarably.  lharafora*  tha  eoapounds  wara  naltsd  to 
gain  a  dansar  filling  in  tha  aiq>oulas.  Iha  glassas  fomad  by  cooling  tha 
aaltad  saaplas  of  I*IV,  and  tha  crystallina  solids  of  V-Vl*  raspactivaly* 
wara  invast igatad  as  dascribad  abova  but  with  two  changas  of  tha  conditions: 

(1)  Tha  rf'powar  was  fdrthar  dacraasad*  but  tuning  of  tha  proba  was  still 
possibla. 

(2)  A  vary  high  aodulation  was  usad  to  datact  tha  occurranca  of  tha  signal* 
and  than  tha  aodulation  was  succassivaly  raducad  until  tha  dacraasing  lina 
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Table  II 

Line  widths  and  second  moments  at  room  temperature(in  llmm-vials) 


Compound 

Average 

( 

line  width 

Gauss  ) 

Average 

( 

second  moment 
2 

Gauss  ) 

I 

0,115 

+  0,u02 

(3,6  +. 

0.2). 10“^ 

II 

0,085 

+  0,001 

(4,4  + 

0,3).]0"5 

III 

0,08] 

+  0,003 

(3,5  t 

0.1). 10”^ 

IV 

0,082 

+  0,001 

(4,4  + 

0.2). 10”^ 

VI 

3,60 

+  0,01 

4,75 

t  0.05 
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width  r«Min*d  constant. 

In  this  way,  a  suddan  and  quits  unsxpsctsd  transition  of  ths  lino 
width  to  ssvsral  Gauss  was  discoversd.  Purthsmors,  it  was  found  that  ths 
■oltsn  and  rssolidifisd  substancsa  showsd  lins  widths  and  sscond  noasnts  at 
roon  tsapsraturs  which  diffsrsd  fron  thoss  nsasursd  bsfors. 

Ths  broad*  lins  fMR-spsctra  of  I 'VI  wars  taksn  as  a  function  of  ths 
tsnpsraturs  at  intsrvals  of  about  30*C  bstwssn  -170*C  and  ^20*0  to  ♦TS'C. 

At  Isast  thrss  spsctra  wars  rscordsd  at  sach  tsnpsraturs.  Ths  lins  width, 
ths  psak-to-psak  distancs  of  ths  first  dsrivativs  curvs,  is  read  sasily 
fro«  ths  spsctra  taksn  on  fraph*papsr  with  a  Gauss  calibration.  To  dstsr- 
■ins  ths  sscond  nonants,  dsfinsd  by  Andrsw^  for  ths  first  dsrivativs  of  an 
absorption  curvs  as 


l/3(g'(H)(H-H^)^  dH 
dH 


(g'(H)  ■  dsrivativs  of  ths  lins  shaps  function  g(H), 

H*H^  ■  distancs  fron  ths  lins  csntsr  in  Gauss) 

ths  spacs  undsr  sach  half  of  a  spsctnas  was  tabiHlatsd,  ths  data  wars  than 
punchsd  on  cards  and,  using  a  siapls  FORTRAN -progr an,  ths  calculations  wars 
dons  with  an  IBM  1620  conputsr.  Ths  sscond  nonents  for  sach  half  of  a  spsc- 
tzvHi  wars  calculatsd  ssparatsly,  bsfors  an  avsrags  valus  for  ths  total  spsctnas 
was  dstsninsd.  For  corrsction  of  nodulation  broadening,  a  tsm  of  1/4 
H^^2  nust  bs  subtracted^.  The  tables  III  •  VIII  contain  ths  nsasursd 
lins  widths  and  sscond  nonents,  with  averaged  values  and  errors  for  ths 
different  cooq>ounds  at  various  tenpsraturss.  Only  ths  avsrags  values  of  ths 
sscond  nonents  wars  corrected  for  nodulation  broadening.  (Table  IX-XI) 
Pigurstl-VI  show  gnq>hs  of  ths  nsasursd  data. 
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Table  III 


Line  widths 

and  second 

moments  oi'  dibenzophenone-imino 

dimethylsilane 

(Compound  1) 

Temperature 

Line  width 

Average  l.w. 

Second  moment 

Average  sec. mom. 

(°C) 

(Gauss) 

(Gauss ) 

(Gauss^) 

(Gauss^) 

0,053 

2,04.10"^ 

+75.5 

0,077 

0,067+0,007 

3,09 

(2, 4+0, 2). 10  ^ 

0,070 

2,02 

0,087 

2,77.10"'^ 

+44*5 

0,067 

0,082+0,005 

2,56 

(2,4  +  0,2). 10  ^ 

0,073 

1,90 

0,075 

2,79.10"^ 

+20,0 

0,080 

0,077+0,001 

2,17 

(2,5  +  0,2). 10  ^ 

0,077 

2,61 

0,073 

2,62.10’^ 

+0,6 

0,076 

0,077+0,002 

2,51. 

(2,6  +  0,1). 10  ^ 

0,080 

2,73 

0,100 

5,54.10‘5 

-3  9,0 

0,087 

0,097+0,005 

4,17 

(5,9  +  0,5). 10  ^ 

0,097 

4.37 

0,103 

5.75 

7.00 

7,85 

-29,5 

7.33 

7.00 

7,0.j+0,13 

8,62 

10,07 

8,71  +  0,68 

6,67 

8,29 

6,83 

10,26 

-46,0 

7.83 

7,44+0,31 

9.40 

9.74  +  0,26 

7,67 

9.57 

6,83 

9,15 

-76,0 

7.17 

7,06+0,11 

10,51 

10,48  +  0,77 

7.17 

11,82 

6,83 

10,16 

-110,6 

6,67 

6,72+0,05 

9,72 

10,20  +  0,29 

6,67 

10,75 

7.17 

9,55 

-141,7 

7,55 

7,28+0,05 

10,10 

10,02  +  0,26 

7.55 

10,42 

7.00 

9.63 

-170,0 

7,23 

7.30+0,20 

10,27 

9,78  +  0,25 

7.67 

9,45 

t 


Table  IV 


Line  widths 

and  second 

moments  of  trlbenzophenone-lmlno  methylsllane 

(Compound  II) 

Temperature 

Line  width 

Average  l.w. 

Second  moment 

Average  sec. mom. 

(“C) 

(Gauss) 

(Gauss) 

(Gauss^) 

(Gauss^) 

0,110 

6,92.10"^ 

+21.7 

0,106 

0,11240,004 

6.53 

(6, 66+0, 13). 10" 

0,120 

6,5^ 

0,407 

11,28.10"^ 

-5,0 

0.433 

0,441+0,022 

11,18 

(10, 87+0, 15). 10 

0,483 

10,15 

6.67 

8,36 

-18,0 

6.67 

6.67 

8,33 

8,61  +  0,27 

6.67 

9,14 

7.33 

10,18 

-35,0 

8,17 

8,00+0,35 

8.72 

9,39  +  0,40 

8.50 

9,27 

8.33 

9.^2 

-^9.0 

8,66 

8,16 

8.45+0.13 

10.32 

9,92 

9.96  +  0,28 

8,66 

10.19 

8,66 

10,60 

-65.0 

8.50 

8.55+0,05 

10.29 

10,36  +  0,12 

8.50 

10,19 

8,00 

9.22 

-90.0 

8.33 

8,28+0,15 

9,73 

9.39  +  0,17 

8.50 

9.21 

8.33 

9,40 

-104,0 

7.83 

8,11+0,15 

9.64 

9,59  +  0,10 

8,17 

9,74 

7.83 

9,92 

-127.0 

7.67 

7,72+0,05 

10,04 

9,74  +  0.24 

7.67 

9,26 

8,00 

9.61 

-W.o 

7,67 

7,83+  0,10 

9,54 

9,67  +  0,10 

7.83 

9,87 

* 

8,17 

10,25 

-170.0 

7,83 

7.89+0,15 

9,89 

9.90  +  0,23 

7,67 

9,57 

f 
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Table  V 


line  widths  and  second  nioments  of  dibenzophenone-imino  diphenylsilane 

(Compound  III) 


Temperature 

Line  width 

Average  l.w. 

Second  moment 

Hverare  sec. mom 

(°C) 

(Gauss) 

( Gauss ) 

(Gauss^) 

(Gauss'^) 

0,095  1,59.10"^ 


+49,9 

o,.ino 

0,098+0,002 

1,61.10“^ 

(1,61;0,02).10 

0,100 

1,64.10"'^ 

1.33 

2,43 

+  51,5 

1.50 

1,36+0,07 

2,42 

2,47  +  0,05 

1.25 

2,57 

6,00 

6,51 

+  20,2 

6,17 

6,06+0,05 

6,48 

6,25  +  0,16 

6,00 

5,95 

6,33 

7,13 

-3.6 

6,83 

6,60+0, 15 

6,95 

7,19  +  0,15 

6,67 

7,48 

6,67 

7.57 

-26,5 

7,00 

6,83+0,10 

7.17 

7,10  +  0,29 

6,83 

6.57 

7.67 

8,04 

-47,0 

7.33 

7,50*0,10 

7.15 

7.53  +  0,27 

7,50 

7,39 

7,17 

8.49 

-49,7 

7.85 

7,44+0,20 

8,14 

8,30  +  0,12 

7,33 

8,26 

^,90 

7.82 

-76,2 

,,67 

7,69+0,12 

8,14 

7,94  +  0,10 

7,50 

7.86 

8,33 

9.12 

-110,0 

8,67 

8,33+0,19 

8.71 

8.85  +  0,13 

8,00 

8.73 

8,67 

9.02 

-142,5 

8,33 

8,48+0,10 

9,24 

9,08  +  0,08 

8,43 

8.98 

8,67 

9,36 

-169,0 

8,67 

8,84+0,17 

9.51 

9.27  +  0,17 

9,17 

8,95 

-2 
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Table  VI 


Line  widths  and  second  moments  of  tribenzophenone-imino  phenyl  silane 

(Compound  IV) 


Temperature 

Line  width 

Average  1  .w. 

Second  moment 

Average  sec. mom 

(°C) 

(Gauss) 

(Gauss) 

(Gauss^) 

O 

(Gauss  ) 

0,040 

1,87.10"^ 

0,040 

0,040 

0,041+0,002 

1,87 

1,90 

(1,89+0, 02). 10' 

0,046 

1,94 

0.267 

2,09.10"^ 

+27.6 

0.285 

0,278+0,005 

2.11 

(2, 08+0, 02). 10' 

0.285 

2,05 

4,66 

4,02 

+  15,0 

4.55 

4.55iO,19 

4,10 

4,09  +  0,04 

4,00 

4,14 

7,17 

6,11 

-3.5 

7,17 

7,17 

7,04 

6,50  +  0,28 

7,17 

6,55 

7.66 

6,46 

-26,-^ 

7,50 

7,66+0,10 

7.24 

6,90  +  0,25 

7.85 

6.98 

8,00 

9.26 

-56.8 

8.50 

8,22+0,12 

9.74 

9,10  +  0,42 

8.17 

8.29 

8.50 

9.66 

-86,2 

8.55 

8,50+0,10 

9.44 

9,62  +  0,10 

8.66 

9,77 

9,55 

9,46 

9,17 

10.27 

-114,0 

9,55 

9.30+0,05 

9,72 

9.74  +  0.26 

9.35 

9.54 

9.53 

9.72 

9.50 

10,12 

-147,8 

9,66 

9.50+0.10 

10,04 

9.87  +  0.21 

9.35 

9.45 

9.66 

10.55 

-165,8 

9.50 

9.55+0,05 

10.52 

10,24  +  0,20 

9,50 

9.86 

% 
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Table  VII 


Line  widths  and  second  moments  of  N-triphenylmethyl-benzophenone-imine 

(Compound  V) 


Temperature 

Line  width 

Average  l.w. 

Second  moment 

Average  sec. mom. 

A 

(°o) 

Jauss) 

(Gauss) 

(Gauss^) 

(GauBS^) 

+12.2 

0.073 

0,087 

0,073 

0,078+0,005 

2,71.10"^ 

2.96 

2,61 

(2. 76+0, 10). 10"^ 

-7.6 

0,087 

0.093 

0,120 

0,100+0,010 

4,61.10"^ 

3.76 

4.74 

(4,37+0.31).10"5 

-31.0 

0,130 

0,100 

0,083 

0.104+0,015 

3.33.10"^ 

5.05 

3.99 

(4. 12+0, 50). 10"^ 

-57.0 

0,105 

0.103 

0.123 

0,110+0,006 

3.62.10"^ 

3.90 

2.78 

(3. 43+0. 33). 10"^ 

-82,0 

9.00 

8,67 

9,00 

8,89+0,11 

10,69 

10.35 

10.34 

10,46  +  0,11 

-111,0 

9,67 

8.83 

8,33 

6, 9^+0, 59 

11,12 

10,53 

10.27 

10,64  +  0,25 

-1^0.5 

9.50 

9.17 

9.50 

9.39+0.11 

10.75 

11.03 

10.34 

10,71  +  0.20 

-165,8 

9.67 

9.50 

9.67 

9.61+0,06 

10.89 

11.33 

11,79 

11,34  +  0,23 

I 
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Table  VIII 


Line  widths  and  second  moments  of  N-trimethylsilyl-N' ,N'-bis-trimethyl 
silyl-benzamidine  (Compound  VI) 


Temperature  Line  width  Average  l.w. 

Second  moment 

Average  sec. mom. 

(°c) 

(Gauss) 

(Gauss) 

(Gauss^) 

(Gauss^) 

5,00 

5.10 

+46,2 

3.17 

5,22+0,15 

3.36 

5.24  +  0,08 

3.50 

3.25 

3.33 

3.67 

+  17.0 

2,85 

5,08f0,ll 

3.02 

4,14  +  0,53 

3.17 

4,50 

5.00 

3.38 

5.17 

6.52 

-6,4 

3.66 

5.33+0.14 

3.74 

3.92  +  0,18 

3.33 

3.80 

3.33 

3.76 

-31.0 

4,00 

5.61+0,20 

6,11 

5.8^  +  0,14 

3,50 

3.64 

4,17 

7.01 

-65.6 

4,17 

4,06+0,11 

7.84 

7.57  +  0,25 

5.85 

7.25 

6,00 

8,40 

-^3.7 

3.35 

5,53*0,22 

9.48 

9.59  +  0,53 

3.55 

10,50 

6.55 

9.58 

-135.7 

6.66 

6,53+0,11 

9.66 

9.64  +  0,15 

6,66 

9.89 

6,55 

10.53 

-162,4 

6,35 

6,44+0,11 

10,32 

10,41  +  0,05 

6,66 

10,56 

-51.0 

0,085 

J,067 

0,073 

2,18.10"^ 

2,58.10"^ 

2,28.10"^ 

(  superposed 

narrow 

signal) 

1 


b 
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Table  IX 


Second  moments , before  and  after  correction  for 
modulation  broadening 


Compound  Temperature 

(°C) 

Average  value  of  the 

uncorrected 

(Gauss^) 

second  moment 

corrected 

(Gauss^) 

I  +75.5 

(2. 4+0, 2). 10"^ 

(2, 0+0, 2). 10"^ 

^44,5 

(2, 4+0. 2). 10"^ 

(2, 0+0, 2). 10"^ 

+  20,0 

(2. 5+0,2). 10"^ 

(2. 1+0, 2). 10“^ 

+0,6 

(2, 6+0,1). 10"^ 

(2. 2+0,1). 10"^ 

-19.0 

(5. 9+0. 5). 10"^ 

(5. 5+0, 5). 10-5 

-29.5 

8,71  +  0.68 

7,78  +  0,68 

-46,0 

9.74  +  0..^6 

7,54  4  0,26 

-76.0 

10,48  +  0.77 

8,08  +  0,77 

-110,6 

10,20  +  0.2'-;l 

7,80  +  0.29 

-141.7 

10,02  +  0,26 

7,62  +  0,26 

-170,0 

9.78  +  0,25 

7.56  +  0,26 

II 

+21.7 

(6,7+0,l).10‘^^ 

(6, 5+0.1).  10" 

-5.0 

(10,9+0,2).10"‘-’ 

(10, 6+0, 2). 10"^ 

-18,0 

8,61  +  0,27 

6,21  +  0,27 

-55.0 

9,59  1  0,40 

6,99  +  0,40 

-49.0 

9,96  +  0,28 

7.56  +  0,28 

-65.0 

10,56  +  0,12 

7,96  +  0,12 

-90,0 

9.59  +  0.17 

6,99  +  0,17 

-104,0 

9.59  +  0,10 

7,19  +  0,10 

-127,0 

9,74  +  0,24 

7,54  +  0,24 

-145, u 

9.67  +  0.10 

7,27  +  0,10 

-170,0 

9.90  +  0,25 

^.50  +  0.23 

II- 1 4 


Table  X 

Second  moment s,bel'ore  and  after  correction  for 
modulation  broadening 


Compound  Temperature 
(°0) 


Average  value  of  the  second  moment 

uncorrected  corrected 

2  2 

(Gauss  )  (Gauss  ) 


III  +49.5 

+  31,5 
♦20,2 
-3.6 
-26.5 
-47,0 
-49.7 
-76.2 
-110.0 
-1^2.5 
-169.0 


IV  +56.5 

+27.6 

+15,0 

-3,5 

-26,4 

-S«,8 

-86,2 

-114,0 

-147,8 

-165,8 


(1,61+0, 02). 10“^ 
2,47  +  0,05 
6,25  +  0,16 
7,19  +  0.15 
7.10  i  0,29 
7,53  +  0.27 
8,30  ;  0,12 
7,9^  2 
8,85  +  0.13 
9,08  2  0,08 
9,27  +  0.17 


(1,892  0,02). 10"^ 
(2.0820,02).1o“' 


4,09 

f 

0,04 

6,50 

4 

0,28 

6,';>0 

f 

0,23 

9,10 

f 

0,42 

9,62 

+ 

0,10 

9,7'^ 

+ 

0,26 

9,87 

4 

0,21 

10,24 

•f 

0,2u 

(1.57+0,02). 10“^ 
2.43  +  0,05 
5,32  +  0.16 
6,26  2  0,15 
6.17  +  0.29 
6,60  +  0,27 
7,57  +  0,12 
7,01  +0,10 
7,92  +  0,13 
fc,J5  +  0,08 
8,54  ♦  0 ,  ( ■'“ 


(1,80+0, 02). 10“^ 
(2,06+0,02) .10"^ 


3,85 

4- 

0,04 

6,  ^6 

+ 

0,28 

6,66 

+ 

0,28 

6,17 

+ 

0,42 

8,69 

+ 

0,10 

e,7i 

4- 

0,26 

8,'-)4 

4- 

0,21 

9.31 

f 

0,20 
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Table  XI 


Second  moments , be fore  and  after  correction  for 
modulation  broadening 


Compound 

Temperature 

(°c) 

Average  value  of 

uncorrected 

(Gauss^) 

the  second  moment 

corrected 

(Gauss^) 

V 

.1:^2 

(i?, 8+0,1). 10“^ 

(2, 5^0.1). 10" 

-7.6 

(4,/4U),5).10“5 

(4,1^0, 3). 10" 

-31.0 

(4, 1+0, S). 10"^ 

(3. 7^0. 3). 10" 

-!?7,0 

(3.^iO,3).10“^ 

(^.'^lO,3).lo~ 

10,48  +  0,11 

9.09  +  0.11 

-111,0 

10,64  4  0,2^ 

^,27  +0.23 

-1^0.5 

10,71  +  0,20 

9.3^  i  0,20 

-163.6 

11,54  +  0,23 

9.97  +  0.23 

VI 

+46,2 

3.2'^ 

4> 

0,06 

%20 

f 

0,08 

+  17.0 

^,14 

+ 

0,35 

4,10 

4- 

0.33 

-6.4 

3.92 

+ 

0,18 

3.8- 

+ 

0,18 

1 

c 

3.6'i 

4 

0,14 

3.80 

+ 

0,14 

-63.6 

7.37 

+ 

0,23 

7.2. 

+ 

0.23 

-93.7 

9.39 

4- 

0,39 

9.23 

+ 

0,33 

-133.7 

9,6^ 

-f 

0,13 

9.^8 

4 

0,13 

-162,4 

10,41 

+ 

0.03 

10,23 

4- 

o,i.'3 

Coapound  I  (Ph2C>N)2SiMe2 
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Th»oftic«l  calculatioiu 

Th«or«tical  approxiutions  of  the  aeasured  line  shape  were  calculated 
for  coapounds  with  less  than  five  interacting  spins.  Hatheaatical  diffi¬ 
culties  with  aultispin  systeas  liait  this  aethod  to  siaple  aolecules.  In 
cases  of  aore  coaplicated  coapounds,  the  theoretical  calculation  of  second 
Boaents  reaains  the  only  way  of  interpreting  the  observed  broad- line  hMR 
data.  A  fosaula  derived  by  van  Vleck^  is  used  for  the  calculation  of  the 
second  Boaents  of  rigid  configurations,  and  is  aodified  for  certain  types 
of  notions.  Following  are  the  foraulas  for  the  second  aoaents  of  poly¬ 
crystalline  aaterials,  and  for  different  types  of  notion  considering  proton 
resonance  and  interaction  of  protons  with  nitrogen  atoas: 

<«2>^  •  I  UI^l)  E  r-^  ♦  i  m  V  E  g]  r 

where  the  synbols  are  defined  as  follows: 

N  «  nuaber  of  nuclei  at  resonance  within  in  the  group,  in  which  the  line 

broadening  interactions  are  considered  to  take  place. 

g,I  ■  nuclear  g-factor  and  spin  for  nucleus  at  resonance 

gf,!^  ■  nuclear  g-factors  and  spins  for  other  nuclei  in  the  saaple. 

rigid  configuration:  A  ■  ■  71S.6  N”^E  r’^  ♦  22.15  r  ^ 

^  ^  fk  jk  jk  jf 

2  1 

rotation  around  one  axis:  B  ■  ^H2)  ■  —.A 

(axis  perpendicular  to  projection  plane  of  the  protons) 

rotation  around  two  axes,  which  enclose  an  angle  c  and  one  of  which  is 

perpendicular  to  the  projection  plane  of  the  protons: 

C  -  ^H2>^  ■  (  7  cos^  c-  1/2)^  .  , 
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Iht  following  internucloar  distancos  wara  usad  during  tha  calculations: 


C-Si 

:  1.9ojl 

Car-H  : 

1.084 A 

^ar’^al 

1.S2SA 

C«N 

1.36A 

Cai-H  : 

I.IOIA 

H-Har (ortho) 

:  2.479A 

N-Si 

:  1.74A 

CCar  = 

1.39SA 

H-H^^(meta) 

:  4.296j( 

“■“methyr 

1.802A 

H-Har  (?•») 

:  4.9S8A 

N-H  (ortho)  :  4.08A 
ar 

Ihe  intamal  interaction  of  nitrogen  and  protons  in  the  investigated 
N-silyl-benzophenone  iaines  is  small  because  of  the  large  N-H-distances. 
Iherefore  it  can  be  neglected. 

Application  of  the  above-mentioned  formulas  and  interatoaiic  distances 


yielded  the  following  second  moments  for  isolated  groups: 

monosubstituted  phenyl  group  methyl  group 

(Gauss^)  (Gauss2) 

rigid 

2. 56 

21.8 

rotation  around 

1.28 

5.45 

one  axis 

(C2-type) 

(Cj-type) 

rotation  around 

0.02 

0.604 

two  axis 

(c  •  60*) 

(c  •  70.5*) 

Ihose  parts  of  the  second  moments  of  compounds  I  -  VI 

which  are  due  to 

internal  motion  are  obtained  by  addition  of  the  different  contributions  of 
protons  in  the  methyl  and  phenyl  groups.  Ihe  assissption  is  made  that  the 
methyl  groups  start  rotating  earlier  than  the  more  bulky  phenyl  groups. 
Table  XII  shows  the  second  moments  caused  by  interaction  of  protons  in  the 

same  molecule. 

Ihree  problems  remain  unsolved: 

(1)  No  reliable  stnicture  determination  of  benzophenone  is  known.  Only 
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an  oldar  ona  is  found  in  tha  litaratura^.  Sinple  gaoBotric  considarations 
show  that  tha  distanca  batwaan  tha  ortho-  ortho*  protons  should  be  only 
0.77A,  if  tha  bond  angla  at  tha  katona  group  is  assuaad  to  ba  120*  and 
tha  phanyl  groiq>s  are  in  ona  plane.  (ITiis  would  be  fhe  nost  favorable  case 
for  resonance  between  the  C>N-systea  and  the  phenyl  groups.)  The  ortho-ortho* 
interproton  distance  is  3.04X,  if  the  planes  of  the  phenyl  rings  include  an 
angle  of  90*.  At  such  a  distance,  the  interaction  can  be  neglected  as  a 
second  order  contribution  to  the  second  Boaent.  This  was  done. 

(2)  The  structures  of  the  coapounds  I -VI  are  unknown.  Therefore  not  only 
an  accurate  calculation  of  intenolecJler  contributions  to  the  second 
■oaents  becoaes  impossible •  but  even  a  rough  estimate.  It  is  known  that 
in  cmqKMinds  containing  aroaatic  systems  the  interaolecular  part  of  the 
second  moments  often  far  exceeds  the  internal  part.  To  attempt  a  calculation 
on  arbitrary  assumptions  about  possible  arrangements  of  the  molecule  in 

the  crystal  lattice  seems  to  be  worthless. 

(3)  The  uncertainty  about  bond  angles  of  the  C>N-Si  arrangement  gives  rise 

to  additional  questions.  Angles  between  180*  and  120*  were  discussed  earlier^, 
and  the  latter  value  was  considered  the  more  likely.  Both  cases  are  con¬ 
sidered  in  Table  XII.  An  angle  of  180*  has  a  different  effect  on  the 
rotational  contribution  of  the  benzophenone  portion  to  the  second  moments 
of  I -IV  during  rotations  around  two  axes. 
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Table  XII 


Internal  contribution  to  second  moments  of  the  compounds 


I  II 

III 

IV 

V 

VI 

( 

all  values  given  in 

Qoauss^  ^ 

) 

ri^:id 

coni’ij’:ui‘ation 

7,0  4,2 

2,36 

2,36 

2.36 

18,6 

rotation 
around  one 
axis 

5,23  2,72 

(methyl  groups  o 

nly) 

14,8 

9.6 

3,0 

1,13  1,22 

1,28 

1,2.- 

1,26 

(phenyl  groups  a 

1  so) 

rotation 
around  two 
axes 

2,11  2,29 

• 

5,63 

2,27 

(methyl  groups 

0,133  0,073 

only) 

0.482 

0,218 

0.09 

0 ,  ';'i 

3,24 

1,67 

(  C=N-Si-anKle 
0,629  0,646 

(  C=N-Si-angle 

;  180°) 
0,908 
:  120°) 

0,76o 

0,31 

5,44 

2,07 

0,71 

(phenyl  groups 

also  rotating) 
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Discutsion 

A  comparison  of  tho  axporlaontal  rosults  shown  on  tho  plots  of  lino 
width  and  socond  aoMnts  against  taapsratura  indicatas  that  a  transition 
in  compounds  I  and  II  occurs  at  a  lower  tMperaturo  than  the  transition 
in  III  and  IV.  Hence  the  earlier  assum>tion  seeas  to  be  reasonable,  that 
the  Botion  of  methyl  groups  bound  to  silicon  needs  less  activation  energy 
than  the  notion  of  phenyl  groups.  Looking  at  the  constitution  of  compounds 

III  and  IV,  an  explanation  can  be  found  for  the  fact  that  compound  III 
shows  a  decrease  of  line  width  and  second  moment  at  slightly  higher  tempera¬ 
tures  than  IV.  The  latter  contains  only  one  phenyl  ring  on  silicon,  which 
can  start  rotating  with  less  steric  hindrance  than  the  two  rings  in  III. 

This  steric  effect  seems  to  be  less  important  in  I  and  II  because  motion 
begins  at  the  opposite  end  of  the  molecule. 

In  contrast  to  the  silicon  compounds,  V  with  its  similar  constitution 
(but  carbon  instead  of  silicon  in  the  molecule)  shows  a  very  narrow  line 
and  a  small  second  moment  down  to  -60*.  The  line  width  of  VI  never  dropped 
below  3  Gauss,  and  also  the  second  moment  stayed  over  3  Gauss.  A  transition 
is  observed  between  -80*C  and  -100*C  in  this  case. 

The  second  moments  obtained  from  the  fMR  spectra  taken  between  -160*C 
and  -170*C  are  not  at  all  in  agreement  with  the  calculated  ones  for  a  rigid 
configuration.  This  is  not  surprising,  because  no  intezmolecular  interaction 
was  taken  into  account  (as  discussed  in  section  IV).  The  difference  between 
experimental  and  calculated  second  moments  increasejfrom  I  and  II  to  III, 

IV  and  V.  The  absolute  values  do  the  same.  The  importance  of  the  inter- 
molecular  part  apparently  grows  and  reaches  a  magnitude  of  6-7  Gauss, 
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coaparable  to  results  found  with  benzene  at  low  teaperature^. 

Un  the  other  hand,  the  experiaental  values  at  higher  temperatures 
are  larger  than  all  the  calculated  second  moaents  for  compound  I-V.  One 
has  to  assuae  that  not  only  different  types  of  rotation  occur,  but  also 
diffusion  processes.  Possibly  I-V  resemble  liquid  crystals  in  soae  of 
their  properties. 

An  interesting  observaticn  was  made  with  IV,  which  may  be  worth 
aentioning.  A  narroi^  line  (with  a  line  width  of  0.08  Gauss  at  -31.0*C) 
appeared  at  higher  teaperitures  superimposed  upon  the  broad  line. 
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12.  SPONSORING  MILITARY  ACTIVITY 


IS  ABSTRAC  T 


Thi*  report  presents  results  on  two  research  programs,  one  on  inorganic 
synthesis  and  one  on  structural  study  by  means  of  broad-line  NMR  ,  which  were 
pursued  simultaneously  during  the  year  ending  August  31,  1968.  The  first  had  to 
do  with  the  synthesis  of  compounds  of  the  transition  metals  containing  organosilicon 
groups.  Organosilyl  aminei  were  used  as  electrondonor  ligands  to  form  six  new 
stable  coordination  compounds  of  iron  and  cobalt.  All  previous  attempts  (extending 
over  the  past  7  years)  to  do  this  had  failed;  the  present  success  stems  from  a 
thorough  study  of  the  equilibrium  considerations  and  the  choice  of  a  polar  solvent 
for  the  reactions.  The  chemical  behavior  of  the  six  new  com’>ounds  is  now  being 
examined  by  Chang  Kir.i,  a  graduate  student  in  the  Program. 

The  second  project  concerned  the  structures  and  behavior  of  five  new 
compounds  prepared  last  year,  all  with  C=N-Si  linkages  (plus  one  additional 
compound  with  C=N-C  linkage,  for  comparison).  Earlier  examination  of  the  UV 
absorption  spectra  of  these  compounds  had  shown  that  there  is  little  dn  -  pTT^inter- 
action  between  the  nitroge^  and  silicon,,  because  the  C=N-Si  sequence  is  not  linear 
but  bent  at  an  angle  of  120  .  It  was  expected  that  such  an  inflection  also  would 
hinder  intramolecular  motion,  and  that  some  distinctions  between  the  several 
compounds  would  appear  in  their  proton  magnetic  resonances  as  solids.  The 
spectra  were  obtained,  and  calculation  of  line  widths  and  second  moments  showed 
that  intramolecular  motion  in  all  five  organosilicon  compounds  was  indeed  hindered 
more  than  in  the  organic  compound,  and  that  one  of  the  five  (the  only  one  which  had 
an  Si-N-C  =N-Si  structure)  had  a  much  more  persistent  restriction  of  motion  with  I 
rise  of  temperature  than  tl  ^  others.  _  _ I 


|>r>  FORM  (PAGE  I) 

UU  iNoveslAfr/0  _ Unclassified _ 

S/N  0101-007-6011  Socuritv  CI««;«;ifir.ition 


